A search for new massive resonances decaying to pairs of W and Z bosons or to a W/Z boson and a quark in the dijet final state is presented. Results are based on data corresponding to an integrated luminosity of 35.9 fb −1 recorded in proton-proton collisions at √ s = 13 TeV with the CMS detector at the CERN LHC in 2016. Resonances with masses of at least 1.2 TeV and decaying to WW, WZ, ZZ, qW, or qZ are probed. Cross section and resonance mass exclusion limits are set for various models that predict gravitons, heavy spin-1 bosons and excited quarks. In a heavy vector triplet model ("B"), W and Z resonances with masses below 3.6 and 2.7 TeV, respectively, are excluded at a confidence level of 95%. Similarly, excited quark resonances, q * , decaying to qW and qZ with masses less than 5.0 and 4.8 TeV, respectively, are excluded. In the narrow-width bulk graviton model, cross section upper limits in the range 37.1-0.6 fb are set.
Introduction
Several theories of physics beyond the standard model (SM) motivate the existence of heavy particles that preferentially decay to pairs of vector (V) bosons, where V denotes either a W or a Z boson. These models usually aim to explain open questions of the SM such as the apparently large difference between the electroweak and the gravitational scale. Popular examples of such models include the bulk scenario (G bulk ) [1] [2] [3] of the Randall-Sundrum warped extra dimensions model [4, 5] , a heavy vector triplet (HVT) model (W and Z ) [6] , as well as vector singlets (W or Z ) [7, 8] . The bulk graviton model is described by two free parameters: the mass of the first Kaluza-Klein (KK) excitation of a spin-2 boson (the KK bulk graviton) and the ratiok ≡ k/M Pl , where k is the unknown curvature scale of the extra dimension and M Pl ≡ M Pl / √ 8π is the reduced Planck mass. The HVT model generalises a large number of explicit models predicting spin-1 charged (W ) and neutral (Z ) resonances, such as composite Higgs [9] [10] [11] [12] and little Higgs [13, 14] models, and the sequential standard model (SSM) [15] . Such models can be described in terms of a few parameters: the strength of the couplings to fermions, c F , to the Higgs and longitudinally polarized SM vector bosons, c H , and the strength of new vector boson interaction, g V . Searches for diboson resonances have previously been performed in many different final states, placing lower limits on the masses of these resonances above the TeV scale .
In addition, we consider an excited quark q * [38, 39] that decays into a quark and either a W or a Z boson as a reference process that yields one W/Z-tagged jet in the event. Results from previous searches for these signal models include limits placed on the production of q * at the CERN LHC as dijet [40] [41] [42] [43] [44] , γ+jet [45] [46] [47] , qW or qZ [48, 49] events. This document presents a search for resonances with masses above 1.2 TeV decaying into a pair of vector bosons or into a vector boson and a quark. The analysis is based on protonproton collision data at √ s = 13 TeV collected by the CMS experiment at the LHC during 2016 and corresponding to an integrated luminosity of 35.9 fb −1 . The final states considered are VV →( )( ) or qV →( ) , where bosons are reconstructed as single jets, resulting in events with two reconstructed jets (dijet channel). As in the analyses of the 2015 [32] and 2012 data [20] , the analyses presented here searches for a local enhancement in the diboson or quark-boson invariant mass spectrum reconstructed from the two highest p T jets in the event.
The challenge of the analysis described here is the reconstruction of the highly energetic decay products of the resonances. Since the resonances under study have masses of O(TeV), their decay products, i.e. the bosons, have on average transverse momenta of several hundred GeV and above. As a consequence, the particles emerging from the boson decays are very collimated. In particular, the decay products of the hadronically decaying bosons cannot be resolved by the default jet algorithms, but are instead reconstructed as a single jet object. Dedicated techniques, so-called jet V tagging techniques [50] are applied to exploit the substructure of this jet object, which can then resolve hadronically decaying massive bosons. V tagging also helps to suppress the SM background, which mainly originates from the production of QCD multijet events. With respect to the analysis of the 2015 dataset [32] , this analysis does not only profit from an increase in integrated luminosity of more than a factor thirteen, but it has furthermore been made more robust against additional hadronic activity in the event and uses theoretically better calculable substructure variables.
In this note, Sec. 2 briefly describes the CMS detector; Section 3 gives an overview of the simulations used in this analysis. Section 4 provides a detailed description of the reconstruction and event selection. Section 5 describes the background estimation and the signal modeling. Systematic uncertainties are discussed in Sec. 6 . The results of the search for a spin-2 bulk 
The CMS detector
The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diameter, providing a magnetic field of 3.8 T. Contained within the superconducting solenoid volume are a silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Muons are measured in gas-ionization detectors embedded in the steel flux-return yoke outside the solenoid. Extensive forward calorimetry complements the coverage provided by the barrel and endcap detectors.
The particle-flow event algorithm reconstructs and identifies each individual particle with an optimized combination of information from the various elements of the CMS detector. The energy of photons is directly obtained from the ECAL measurement, corrected for zerosuppression effects. The energy of electrons is determined from a combination of the electron momentum at the primary interaction vertex as determined by the tracker, the energy of the corresponding ECAL cluster, and the energy sum of all bremsstrahlung photons spatially compatible with originating from the electron track. The energy of muons is obtained from the curvature of the corresponding track. The energy of charged hadrons is determined from a combination of their momentum measured in the tracker and the matching ECAL and HCAL energy deposits, corrected for zero-suppression effects and for the response function of the calorimeters to hadronic showers. Finally, the energy of neutral hadrons is obtained from the corresponding corrected ECAL and HCAL energy.
A more detailed description of the CMS detector, together with a definition of the coordinate system used and the relevant kinematic variables, can be found in Ref. [51] .
Simulated samples
The bulk graviton model, the HVT model (W and Z ) and excited quarks (q * ) are used as benchmark signal processes. For the HVT model-the so-called model B with the coupling strength of V interactions, g V , set to 3-,the new resonances have large branching fractions to boson pairs, while the fermionic couplings are suppressed. This scenario is the most representative of a composite Higgs model. For the bulk graviton, a scenario withk = 0.5 is considered. We restrict the analysis to scenarios where the natural width of the resonance is sufficiently small to be neglected when compared to the detector resolution. This makes our modeling of the detector effects on the signal shape independent of the actual model used for generating the events. Simulated signal samples for HVT and bulk graviton are generated with the leadingorder (LO) mode of MADGRAPH5 AMC@NLO v5.2.2.2 [52] with a relative resonance width of 0.1%. The q * to qW and qZ processes are generated using PYTHIA8 version 8.212 [53, 54] setting the compositeness scale Λ equal to the resonance mass.
Monte Carlo simulated samples (MC) of the SM background processes are used to optimize the analyses. The production of QCD multijet events is also simulated with MADGRAPH5 AMC@NLO. The NNPDF 3.0 [55] parton distribution functions (PDF) are used for all simulated samples. All samples are processed through a GEANT4-based [56] simulation of the CMS detector. Supplementary minimum bias interactions are added to the generated events in order to match the additional particle production observed in data from the large number of proton-proton inter- 
Reconstruction and selection of events

Jet reconstruction
Hadronic jets are clustered from the four-momenta of the particles reconstructed by the CMS particle-flow (PF) algorithm [57, 58] , using the FASTJET software package [59] . Jets used for identifying the hadronically decaying W and Z bosons are clustered using the anti-k T algorithm [60] with a distance parameter R = 0.8 (AK8 jets) and excluding charged particles not originating from the primary vertex. A correction based on the projected area of the jet on the front face of the calorimeter is used to take into account the extra energy clustered in jets due to neutral particles coming from pileup. Jet energy corrections are derived from simulation and from dijet and photon+jet events in data as in Ref. [61] . Additional quality criteria are applied to the jets in order to remove spurious jet-like features originating from isolated noise patterns in the calorimeters or the tracker. The efficiency of these jet quality requirements for signal events is above 99%. All jets must have p T > 200 GeV and |η| < 2.5 in order to be considered in the subsequent steps of the analysis.
In order to mitigate the effect of pileup on jet observables used in identification of hadronic W and Z decays (τ 21 and m jet , see below for details), we take advantage of pileup per particle identification (PUPPI) [62] . This method uses local shape information, event pileup properties and tracking information together in order to compute a weight describing the degree to which a particle is pileup-like. A local variable α is computed which contrasts the collinear structure of QCD with the soft diffuse radiation coming from pileup. The local shape for charged pileup, assumed as a proxy for all pileup particles, is used on an event-by-event basis to calculate a weight for each particle. The weights describe the degree to which particles are pileup-like and are used to rescale their four-momenta.
As discussed in Ref. [62] , various definitions of the discriminating variable α are possible. We adopted a configuration to obtain the best discriminating power between pileup and particles from the hard scattering vertex in the pileup scenario under study. Different definitions of α are used for particles in the central (|η| < 2.5) and forward region (|η| > 2.5) of the detector, where tracking information is not available. However, here we only use particles in the central region and therefore focus only on the usage in this region. In the central region, the shape variable for a given particle i is defined as
where Θ is the step function, i refers to the particle in question and j to the neighboring charged particles from the primary vertex within a cone of radius R 0 a minimum distance R min . We consider charged particles as coming from the primary vertex if their track is associated to the leading vertex of the event or is unassociated but with d z <0.3 cm, where d z is the distance along the z axis with respect to the leading vertex.
A χ 2 approximation
whereᾱ PU is the median value of the α i distribution for pileup particles in the event and RMS PU is the corresponding RMS, is used to determine the probability of a particle to be from pileup.
Reconstruction and selection of events
The variablesᾱ PU and RMS PU are calculated using all charged pileup particles (i.e. all charged particles not from PV). Particles are then assigned a weight given by w i = F χ 2 ,NDF=1 (χ 2 i ) where F χ 2 ,NDF=1 is the cumulative distribution function of the χ 2 distribution with one degree of freedom.
The algorithm parameter choices are similar to what is recommended in Ref. [62] . The radius of the cone R 0 is set to 0.4 and R min to 0.0001. Particles with weights w i smaller than 0.01 are rejected. In addition a cut on the minimum scaled p T of the neutral particles is applied:
where n PV is the reconstructed vertex multiplicity in the event, and A and B are tuneable parameters. No additional pileup corrections are applied to jets clustered from these weighted inputs.
4.2 W →and Z →identification using jet substructure AK8 jets with PUPPI pileup mitigation applied are used to reconstruct the W jet and Z jet candidates from hadronic decays of boosted W and Z bosons, respectively. The PUPPI pileup mitigation removes the dependence on pileup of the variables used to identify W and Z jet candidates as shown in Ref. [63] In order to discriminate against multijet backgrounds we exploit both the reconstructed jet mass, which is required to be close to the W-or Z-boson mass, and the two-prong jet substructure produced by the particle cascades of two high-p T quarks merging into one jet [64] . Jets that are identified as coming from the merged decay products of a single V boson are hereafter referred to as V jets.
As the first step in exploring potential substructure, the jet constituents are subjected to a jet grooming algorithm, that improves the resolution on the V jet mass, reduces the effect of pileup and lowers the mass of jets initiated by single quarks or gluons coming from multijet background [65] . The goal of jet grooming is to re-cluster the jet constituents while applying additional requirements that eliminate soft, large-angle QCD radiation that increases the jet mass compared to the initial V-boson, quark or gluon mass. Different jet grooming algorithms have been explored at CMS and their performance on jets in multijet processes has been studied in detail [65] . After extensive theoretical work to understand and calculate the jet mass from first principles in QCD (see, for instance, Refs. [66] and [67] ), the soft drop algorithm [68] was developed to accomplish jet grooming in a way that is both infrared and collinear safe in contrast the jet pruning algorithm [69, 70] used in the previous version of this analysis [32] , while providing similar discrimination power [50] . We therefore use the soft-drop algorithm with parameters β = 0 and z cut = 0.1 for the main analysis and the jet trimming algorithm [71] at trigger level. Jet trimming re-clusters each AK8 jet starting from all its original constituents using the k T algorithm [72, 73] to create subjets with a size parameter R sub set to 0.2, discarding any subjet with p subjet T /p jet T < f cut with f cut set to 0.03. The algorithm is used at trigger level, since it can be tuned such that it is slightly looser than the more performant pruning and soft-drop algorithms allowing their detailed offline study. The soft-drop algorithm starts from a Cambridge-Aachen (CA) [72, 74] jet clustered from the constituents of the original AK8 jet. It iteratively breaks the jet into two subjets. If the subjets pass the soft-drop condition defined in Ref. [68] it is considered as the final soft-drop jet, otherwise the procedure is continued with the subjet. The soft drop jet mass, m jet , is computed from the sum of the four-momenta of the constituents surviving the grooming algorithm; it is then corrected by a factor derived in simulated signal samples to ensure a p T and η independent jet mass distribution centered on the nominal V mass. The jet is considered as a V jet candidate if m jet falls in the range 65 GeV < m jet < 105 GeV, which we define as the signal jet mass window.
Further discrimination against jets from gluon and single-quark hadronization is obtained from the quantity called N-subjettiness [75] . The constituents of the jet before the grooming procedure are re-clustered with the k T algorithm, until N joint objects (subjets) remain in the iterative combination procedure of the k T algorithm. The N-subjettiness, τ N , is then defined as
where the index k runs over the PF constituents of the jet and the distances ∆R n,k are calculated with respect to the axis of the nth subjet. We use a one step optimization of the exclusive k T axes as a definition for the subjet axes. The normalization factor d 0 is calculated as d 0 = ∑ k p T,k R 0 , setting R 0 to the jet radius of the original jet. The variable τ N quantifies the capability of clustering the jet constituents in exactly N subjets, with small values representing configurations more compatible with the N-subjets hypothesis. The ratio between 2-subjettiness and 1-subjettiness, τ 21 = τ 2 /τ 1 , is found to be a powerful discriminant between jets originating from hadronic V decays and from gluon and single-quark hadronization. Jets coming from hadronic W or Z decays in signal events are characterized by lower values of τ 21 compared to the SM backgrounds.
Trigger and preliminary offline selection
The pp collision data collected by CMS with the detector in a fully operational state amount to 35.9 fb −1 of integrated luminosity [76] . Events are selected online with a range of different jetbased triggers based on the scalar sum of the transverse energy of all jets in the event (H T ) or the presence of one or more jets with loose substructure requirements; the details of jet substructure are described in Sec. 4.2. Events must satisfy a baseline requirement of H T > 800 GeV or H T > 900 GeV, depending on the run period. Alternatively a combined requirement of H T above a threshold of 650-700 GeV and a single jet with p T above 360 GeV and trimmed mass (as defined in Section 4.2) m jet > 30-50 GeV qualifies an event to be considered in the analysis. The trigger selection reaches an efficiency of at least 99% for events in which the dijet invariant mass is greater than 1050 GeV and at least one of the two leading p T jets has a soft drop jet mass (as defined in Section 4.2) above 65 GeV.
Offline, all events are required to have at least one primary vertex (PV) reconstructed within a 24 cm window along the beam axis, with a transverse distance from the nominal pp interaction region of less than 2 cm [77] . In the presence of more than one vertex passing these requirements, the primary-event vertex is chosen to be the one with the highest total p 2 T , summed over all the associated tracks.
Substructure variable corrections and validation
Since data/simulation discrepancies in the jet substructure variables m jet and τ 21 could bias the signal efficiency estimated from the simulated samples, the modeling of the signal efficiency is cross-checked in a signal-free sample with jets having characteristics that are similar to those expected for a genuine signal [64] . A sample of high-p T W bosons, which decay hadronically and are reconstructed as a single AK8 jet, was studied in tt and single top-quark events. Scale factors for the τ 21 selection efficiency are extracted following the method described in Ref. [64] . In this method, a simultaneous fit to the jet mass distributions for different ranges of τ 21 is performed to separate the W-boson signal from the combinatorial components in the top-quark enriched sample, in both data and simulation. The scale factors are summarized in Table 1 and are used to correct the total signal efficiency and the VV background normalization predicted by the simulation. The uncertainties quoted on the scale factors for the τ 21 selection include systematic uncertainties due to the simulation of the tt topology (nearby jets, p T spectrum) from comparing different simulations and the choice of the signal and background fit model.
4 Reconstruction and selection of events
An additional uncertainty to account for the extrapolation of the scale factor obtained from tt samples with p T ∼ 200 GeV to higher momenta is calculated, with a resulting factor of 8.5% × ln(p T /200 GeV) for τ 21 < 0.35. This is estimated based on the difference between PYTHIA8 and HERWIG++ [78] showering models. For the 0.35 < τ 21 < 0.75 selection, this uncertainty is 3.9% × ln(p T /200 GeV) and treated as correlated with the uncertainty for τ 21 < 0.35. The W jet mass peak position and resolution are also extracted to obtain data-to-simulation scale factors on the soft drop jet mass as described in Ref. [36] . Because the kinematic properties of W jets and Z jets are very similar, the same corrections are also used in the case where the V jet is assumed to come from a Z boson. 
Final event selection and categorization
After reconstructing the two vector bosons, we apply the final selections used for the search. Any V-boson candidate must have a p T greater than 200 GeV. If more than two such candidates are present in the event, the two jets with the highest p T are selected. The two jets are also required to have an angular seperation R larger than 0.8 from any lepton in the event. Leptons used for this veto need to have a p T greater than 35 (30) GeV, a pseudorapidity smaller than 2.5 (2.4) and pass identification criteria which were optimized for high momentum leptons in the context of Ref. [79] . In addition, there are specific topological selection criteria for the analysis: We require the two jets to have separation |∆η jj | < 1.3, while the dijet system invariant mass m jj must be above 1058 GeV in order to be on the trigger plateau. Figure 1 shows the distribution of the softdrop jet mass and N-subjettiness for the leading jet in the event after this initial selection. To enhance the analysis sensitivity, the events are categorized according to the characteristics of the V jet. The V jet is deemed a W-boson candidate if its soft-drop mass falls in the range 65-85 GeV, while it is deemed a Z-boson candidate if it falls in the range 85-105 GeV. This leads to three mass categories (WW, WZ and ZZ) for the double tag analysis and two mass categories (qW and qZ) for the single tag analysis. We select HP V jets by requiring τ 21 ≤ 0.35, and LP V jets by requiring 0.35 < τ 21 < 0.75. The threshold of 0.35 was chosen to regain significance for mass points below 2.5 TeV, where the attained significance is within 10% of optimal. The threshold of 0.75 was chosen to yield more than 99% efficiency for optimal expected significance at high invariant masses. Events with just one W/Z tag are classified according to these two categories. For the double tag analysis, events are always required to have one HP V jet, and are divided into HP and LP events, depending on whether the other V jet is of high or low purity. Although it is expected that the HP category dominates the total sensitivity of the analysis, the LP category is retained since it provides improved signal efficiency with only moderate background contamination for large resonance masses. The final categorization in V jet purity and V jet mass category (WW, WZ, ZZ, qW and qZ) yields a total of 6 orthogonal classes of events for the double tag analysis and 4 classes of events for the single tag analysis.
The two boson candidates, or boson and quark jet candidates, are then combined into a diboson (boson-quark) candidate; the presence of signal events could then be inferred from the observation of localized excesses in the m VV (m qV ) distribution.
Modeling of background and signal
The m VV (m qV ) distributions observed in data are largely dominated by SM background processes where quark or gluon jets are falsely identified as V jets. In the all-hadronic final state, the dominant processes are QCD multijets. Additional subdominant backgrounds include Wboson production, tt, single top-quark production and SM non-resonant diboson processes.
QCD multijets background
We assume that the QCD multijets SM background can be described by a smooth, parametrizable, monotonically decreasing distribution. The search is performed by separately fitting the background function to each search region while simultaneously fitting a peak shape across all search regions to represent the signal. Neither data control regions nor simulated samples are used directly by this method. The background function is of the form:
where m jj is the dijet invariant mass (equivalent to the diboson (quark-boson) candidate mass m VV (m qV ) for this channel), √ s is the centre of mass energy, P 0 is a normalization parameter for the probability density function and P 1 , P 2 , P 3 and P 4 describe the shape. The normalization factor P 0 and the parameters P 1 , P 2 , P 3 and P 4 are treated as uncorrelated. Starting from the two-parameter functional form, a Fisher F-test is used to check at 10% confidence level (CL) if additional parameters are needed to model the individual background distribution. For the VV categories the two-parameter functional form is found to describe the data spectrum sufficiently well. The qV channels are described by the three-parameter functional form according to the F-test. Alternative parameterizations and functions with up to five parameters are also studied as a cross-check.
The fit range is chosen such that it starts where the trigger efficiency has reached its plateau to avoid any bias from trigger inefficiency, and extends to the bin after the highest m jj mass point.
6 Systematic uncertainties
The binning chosen for the fit follows the detector resolution. The result of the fits are shown in Figs. 2 and 3 . The solid red curve represents the results of the maximum likelihood fit to the data, fixing the number of expected signal events to zero, while the bottom panels show the corresponding pull distributions, quantifying the agreement between a background-only fit and the data. Note that this fit does not represent the background-only hypothesis used in the statistical analysis where a signal plus background fit is performed. Figure 4 shows the simulated m jj distributions for resonance masses from 1.3 to 6 TeV. The experimental resolution is about 4%. We adopt an analytical description of the signal shape, choosing the sum of a Crystal-Ball (CB) function [80] 
Signal modeling
Systematic uncertainties
Systematic uncertainties in the background estimation
The background estimation is obtained from the fit to the data sample where the posited signal is expected to be observed. As such, the only relevant uncertainty originates from the covariance matrix of the dijet function fit. While different parameterizations of the fit function were studied, the observed variations are well within the bounds of the aforementioned uncertainty and are assumed to pose no additional source of uncertainty.
Systematic uncertainties in the signal prediction
The dominant uncertainty on the signal selection efficiency arises from uncertainties in the V-tagging efficiency. As described in Section 4.2, the efficiency of the V-tagging selection is measured in data using a sample enriched in semileptonic tt events. A simultaneous fit to that data sample and to a corresponding simulated sample of a suitable mixture of tt, single topquark and W+jets yields both a correction factor to the V-tagging efficiency on signal samples as well as the systematic uncertainty on that efficiency. The normalization uncertainties are summarized in Table 2 .
Uncertainties on the reconstruction of the hadronic jets affect both the signal efficiency and the shape of the reconstructed resonance mass. The four-momenta of the reconstructed jets are rescaled (smeared) according to the uncertainties on the jet energy-momentum scale (jet energy-momentum resolution). Further, the soft-drop mass is rescaled (smeared) based on the uncertainty on the jet mass scale and resolution. The selection efficiencies are recalculated on these modified samples, with the resulting changes taken as a systematic uncertainty depending on the resonance mass. The induced changes on the shape of the reconstructed resonances are propagated as uncertainties on the peak position and width of the Gaussian core. Additionally, the induced relative migration among V jet mass categories are evaluated, but do not affect the overall signal efficiency.
The uncertainty on the knowledge of the integrated luminosity of the data sample (2.6%) [81] introduces an uncertainty on the number of signal events passing the final selection. Uncertainties on the signal acceptance due to variations in the parton distribution function (PDF) and the choice of factorization (µ f ) and renormalization (µ r ) scales are also taken into account. The PDF uncertainties are evaluated using the NNPDF 3.0 [55] LO PDFs. The uncertainty related to the choice of µ f and µ r scales is evaluated following the proposal in Refs. [82, 83] by varying the default choice of scales in the following 6 combinations of factors: (2, 1) , and (1, 2). The uncertainty on the signal cross section from the choice of PDFs and of factorization and renormalization scales ranges from 4 to 72% and from 2 to 23%, respectively, depending on the resonance mass, particle type and its production mechanism. The uncertainty in the signal acceptance from the choice of PDFs and of factorization and renormalization scales ranges from 0.1 to 3% and <0.1%, respectively. While the signal acceptance uncertainty is taken into account in the statistical analysis, the signal cross section uncertainty is instead considered as an uncertainty on the theory cross section. Table 2 summarizes the systematic uncertainties considered in the statistical analysis.
Statistical interpretation
The comparison between the m VV (m qV ) distribution observed in data and the standard model background prediction is used to test for the presence of a new resonance decaying to two vector bosons or a vector boson and a quark. We follow the modified frequentist prescription described in Refs. [84, 85] (asymptotic CL S method). The limits are computed using a shape analysis of the dijet invariant mass spectrum. Systematic uncertainties are treated as nuisance parameters and profiled in the statistical interpretation using log-normal priors.
Limits on a narrow-width resonance models
Exclusion limits are set in the context of the bulk graviton model, the HVT model B scenario and excited quark resonances, under the assumption of a natural width negligible with respect to the experimental resolution (narrow-width approximation). 
Summary
We have presented a search for new resonances decaying to WW, ZZ, WZ, qW or qZ in which the bosons decay hadronically. W and Z bosons that decay to quarks are identified by requiring a jet with mass compatible with the W or Z boson mass, respectively. Additional information from jet substructure is used to reduce the background from QCD multijet processes. No evidence for a signal is found, and the result is interpreted as an upper limit on the production cross section as a function of the resonance mass in the context of the bulk graviton, and HVT model B W and Z models as well as in the context of excited quark resonances q * . For the HVT model B, we exclude W and Z resonances with masses below 3.6 TeV and 2.7 TeV, respectively. In the narrow-width bulk graviton model, cross sections are excluded in the range 37.1-0.6 fb. Exclusion limits are set at a confidence level of 95% on the production of excited quark resonances q * decaying to qW and qZ for masses less than 5.0 TeV and 4.8 TeV, respec- 
